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$\Gamma_{B},$ $\Gamma_{E}$ . $\gamma\in L^{\infty}(\Omega)$ ,
$0<\alpha\leq\gamma(x)\leq\beta$ $(x\in\Omega)$
. , $\alpha,$ $\beta(\alpha<\beta)$ . , $\Omega$
, $\Gamma_{B}$ , $\Gamma_{E}$ , $\gamma$ . , :
$f_{E}\in H^{\frac{1}{2}}(\Gamma_{E})$ ;
(IEP) $\{$
$\nabla\cdot(\gamma\nabla u)=0$ in $\Omega$ ,
$u=f_{B}$ and $\gamma\frac{\partial u}{\partial n}=g_{B}$ on $\Gamma_{B}$ ,
$u=f_{E}$ on $\Gamma_{E}$ .
1040 1998 70-77 70
, $f_{B}\in H^{\frac{1}{2}}(\Gamma_{B}),$ $g_{B}\in H^{-\frac{1}{2}}(\Gamma_{B})$ (Fig 1). , $g_{B}=0$
. , . (IEP) – .
(IEP) , $f_{E}$ $\gamma$
. .






$\gamma$ . Dirichlet $f_{E}$ , .
[4] . ,
, .
$J:H^{\frac{1}{2}}(\Gamma_{E})arrow R_{+}:=[0, +\infty)$ :
$J( \omega):=\int_{\Gamma_{B}}|u(x;(\dot{v})-f_{B}|^{2}d\Gamma$ .
, $u(\cdot;\omega)\in H^{1}(\Omega)$
$\nabla\cdot(\gamma\nabla u)=0$ in $\Omega$ ,
$\gamma\frac{\partial u}{\partial n}=g_{B}$ on $\Gamma_{B}$ ,
$u=\omega$ on $\Gamma_{E}$
. $J$ . ,
: $k=0,1,2,$ $\ldots$ ,
$\omega_{k+1}:=\omega_{k}-\alpha_{k}J’(\omega_{k})$ .
$\text{ }\{\alpha k\}$ , $J’(\omega)$ $J$ –
$J(\omega+\delta\omega)-J(\omega)=\langle J’(\omega), \delta\omega\rangle+o(||\delta\omega||)$
.
$- \langle u, v\rangle:=\int_{\Gamma_{E}}uvd\Gamma^{\backslash }$, $||u||:=( \int_{\Gamma_{E}}|u|^{2}d\mathrm{r})^{\frac{1}{2}}$ .
, $\{\alpha_{k}\}$ – $J’(\omega)$
.
– $J’(\omega)$ [4]:
$J’( \omega)=-\gamma\frac{\partial v}{\partial n}|_{\Gamma_{E}}$
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$v\in H^{1}(\Omega)$ ,
$\nabla\cdot(\gamma\nabla v)=0$ in $\Omega$ ,
$\gamma\frac{\partial v}{\partial n}=2\{u(\cdot;\omega)-fB\}$ on $\Gamma_{B}$ ,
$v=0$ on $\Gamma_{E}$
. $\{\alpha_{k}\}$ , Armijo . , :
Armijo
1. $0< \xi<\frac{1}{2},0<\tau<1,$ $\epsilon>0$ .
2. $||J’(\omega_{k})||<\epsilon$ , .
3. $\beta_{0}=1$ .
4. $m=0,1,2,$ $\ldots$ ,
$J(\omega_{k}-\beta_{m}J’(\omega k))\leq J(\omega_{k})-\xi\beta_{m}||J’(\omega_{k})||2$
$a_{k}:=\beta_{m}$ , $\beta_{m+1}:=\tau\beta_{m}$ .
:
1. $\omega_{0}$ .
2. $k=0,1,2,$ $\ldots$ ,
(a)




. $u_{k}=\omega_{k}$ on $\Gamma_{E}$
, $u_{k}|\mathrm{r}_{B}$ .
(b)
$\nabla\cdot(\gamma\nabla vk)=0$ in $\Omega$ ,
$\gamma\frac{\partial v_{k}}{\partial n}=2\{u_{k}-f_{B}\}$ on $\Gamma_{B}$ ,
$v_{k}=0$ on $\Gamma_{E}$
, – $J’( \omega_{k})=-\gamma\frac{\partial v_{k}}{\partial n}|_{\Gamma_{E}}$ .
(c) Armijo $\alpha_{k}$ .
. (d) :
$\omega_{k+1}=\omega_{k}-\alpha_{k}J’(\omega k)$ .
(e) $||J(\omega_{k+1})||<\epsilon$ , $k:=k+1$ .
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$\Gamma_{E}$ Dirichlet $f_{E}$ , Neumann $g_{E}$ .
$\gamma$ , Kohn and $\mathrm{V}\mathrm{o}\mathrm{g}\mathrm{e}$ ]$\mathrm{i}\mathrm{u}\mathrm{s}[1]$ .
,
$\nabla\cdot(\gamma\nabla u)=0$ in $\Omega$ ,
$u=f_{B}$ and $\gamma\frac{\partial u}{\partial n}=g_{B}$ on $\Gamma_{B}$ ,
$u=f_{E}$ and $\gamma\frac{\partial u}{\partial n}=\mathit{9}E$ on $\Gamma_{E}$
,
$F( \gamma, u, \sigma):=\int_{\Omega}|\gamma^{\frac{1}{2}}\nabla u-\gamma-\frac{1}{2}\sigma|^{2}d\Omega$
. $\sigma\in L^{2}(\Omega)^{2}$ .
$H^{1}(\Omega)\cross L^{2}(\Omega)^{2}$ $S$
$S:=\{(u, \sigma)|u|_{\Gamma_{B}}=f_{B}, u|_{\Gamma_{E}}=f_{E}, \nabla\cdot\sigma|_{\Omega}=0, \sigma\cdot n|_{\Gamma_{B}}=g_{B}, \sigma\cdot n|_{\Gamma_{E}}=g_{E}\}$
. $(\gamma, u, \sigma)\in L^{\infty}(\Omega)\mathrm{x}S$
$F( \gamma, u, \sigma)=\int_{\Omega}\gamma|\nabla u|2d\Omega+\int_{\Omega}\gamma^{-1}|\sigma|^{2}d\Omega-2\int_{\Gamma_{B}}f_{B}\mathit{9}Bd\mathrm{r}-2\int_{\Gamma_{E}}f_{EgE}d\Gamma$
. $\gamma$ , $F$ $(u, \sigma)\in S$ 2
: $u$ Dirichlet
$\nabla\cdot(\gamma\nabla u)=0$ in $\Omega$ ,
$u=u_{B}$ on $\Gamma_{B}$ ,
$u=u_{E}$ on $\Gamma_{E}$
. $\sigma$ Neumann
$\nabla\cdot(\gamma\nabla v)=0$ in $\Omega$ ,
$\gamma\frac{\partial v}{\partial n}=g_{B}$ on $\Gamma_{B},$ .
$\gamma\frac{\partial v}{\partial n}=g_{E}$ on $\Gamma_{E}$
$v$ , $\sigma=\gamma\nabla v$ . $(u, \sigma)\in S$ , $F$ $\gamma\in L^{\infty}(\Omega)$
$\gamma=\frac{|\sigma|}{|\nabla u|}$
[1].





$\nabla\cdot(\gamma_{\mathit{0}\iota}d\nabla u)=0$ in $\Omega$ ,
$u=f_{B}$ on $\Gamma_{B}$ ,
$u=f_{E}$ on $\Gamma_{E}$
, $\nabla u$ .
(b) Neumann
$\nabla\cdot(\gamma_{\circ ld}\nabla v)=0$ in $\Omega$ ,
$\gamma_{\mathit{0}\iota}d\frac{\partial v}{\partial n}=gB$ on $\Gamma_{B}$ ,
$\partial v$
$\gamma_{old}\overline{\partial n}=g_{E}$ on $\Gamma_{E}$
, $\nabla v$ .
3. : $\gamma_{new}:=\gamma_{old^{\frac{|\nabla v|}{|\nabla u|}}}$ .
4. ; $\gamma_{\mathit{0}}\iota d:=\gamma_{new}$ 2 .
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(IEP) ,
$J(\omega)+\lambda F(\gamma, u(\cdot;\omega),$ $\sigma(\omega))$ (1)
$(\gamma, \omega)$ . $\lambda$ Lagrange , $u(\cdot;\omega),$ $\sigma(\omega)$
$u(\cdot;\omega)|_{\Gamma_{B}}=f_{B}$ , $u(\cdot;\omega)|_{\Gamma_{E}}=f_{E}$ ,
$\nabla\cdot\sigma(\omega)|_{\Omega}=0$ , $\sigma(\omega)\cdot n|\mathrm{r}_{B}=g_{B}$ , $\sigma(\omega)\cdot n|_{\Gamma_{E}}=\gamma\frac{\partial W}{\partial n}|_{\Gamma_{E}}$
. $W$
$\nabla\cdot(\gamma\nabla W)=0$ in $\Omega$ ,
$\gamma\frac{\partial W}{\partial n}=g_{B}$ on $\Gamma_{B}$ ,
$W=\omega$ on $\Gamma_{E}$
.
(1) :1) $J$ $\omega$
. 2) $F$ $\gamma$ . (IEP)
, :
1. $\omega_{0}$ $\gamma_{0}$ .
2. $k=0,1,2,$ $\ldots$ ,
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(a)
$\nabla\cdot(\gamma_{k}\nabla u_{k})=0$ in $\Omega$ ,
$\gamma_{k}\frac{\partial u_{k}}{\partial n}=_{\mathit{9}B}$ on $\Gamma_{B}$ ,
$u_{k}=\omega_{k}$ on $\Gamma_{E}$
, $u_{k}$ $($ ; $\omega_{k})|\mathrm{r}_{B}$ .
(b)
$\nabla\cdot(\gamma_{k}\nabla v_{k})=0$ in $\Omega$ ,
$\gamma_{k}\frac{\partial v_{k}}{\partial n}=2\{u_{k}-f_{B}\}$ on $\Gamma_{B}$ ,
$v_{k}=0$ on $\Gamma_{E}$
, $J$ – $J’( \omega_{k})=-\gamma_{k}\frac{\partial v_{k}}{\partial n}|_{\Gamma_{E}}$ .
(c) : $\omega_{k+1}=\omega_{k}-\alpha_{k}Jl(\omega_{k})$ .
(d) $||J’(\omega_{k}+1)||<\epsilon$ , .
(e)
$\nabla\cdot(\gamma_{k}\nabla W)=0$ in $\Omega$ ,
$\gamma_{k}\frac{\partial W}{\partial n}=gB$ on $\Gamma_{B}$ ,
$W=\omega_{k+1}$ on $\Gamma_{E}$
, $\gamma_{k}\frac{\partial W}{\partial n}|_{\Gamma_{E}}$ .
(f) Dirichlet
$\nabla\cdot(\gamma_{k}\nabla U)=0$ in $\Omega$ ,
$U=f_{B}$ on $\Gamma_{B}$ ,
$U=\omega_{k+1}$ on $\Gamma_{E}$
, $\nabla U$ .
(g) Neumann
$\nabla\cdot(\gamma_{k}\nabla V)=0$ in $\Omega$ ,
$\backslash \gamma_{k}\frac{\partial V}{\partial n}=g_{B}$ in $\Gamma_{B}$ ,
$\gamma_{k}\frac{\partial V}{\partial n}|=\gamma k\frac{\partial W}{\partial n}|_{\mathrm{r}_{E}}$ on $\Gamma_{E}$
. , $\nabla V$ .















(Fig 2). , .
, Fig 3 ( :192). ,
(h) :
$(\mathrm{h})$ ’ , $\alpha\leq\gamma_{k^{\frac{|\nabla V|}{|\nabla U|}}}\leq\beta$ $\gamma_{k+1}=\gamma_{k^{\frac{|\nabla V|}{|\nabla U|}}}$,
$\gamma_{k+1}=\gamma_{k}$ .
$\gamma_{k}$ , . , Fig 4
.
Fig 2 Example Fig 3Finite elements
Fig 4Calculated results
Fig 4 $f_{E}$ , . $\omega_{0}=0$ ( $-$ ),
$\gamma_{0}(x, y)=1.\mathrm{o}$ ( ) . , .





, (IEP) $J(\omega)+\lambda F(\gamma, u(\cdot;\omega),$ $\sigma(\omega))$ ( $\lambda$ Lagrange )
,
. , .
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